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(54) 

(57) A Code-Division Multiple Access (CDMA) re- 
ceiver is disclosed which removes the pilot signal from 
the received signal. The pilot signal is defined by its mul- 
tipart! parameters (amplitudes, phase shift and delays) 
and its signature sequence. Since this information is 
known at the user's receiver terminal (i.e., handset), the 



pilot signals of the interfering multipath components of 
the baseband received signal are detected and re- 
moved prior to demodulation of the desired multipath 
component. The pilot signal may be cancelled prior to 
or following the data accumulation stage. The pilot sig- 
nal cancellation can be switched on and off depending 
on the detected path signal level. 
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Field Of The Invention 

MC-CDMA receiver using pilot interference cancellation. 
Rankaround C* The Invention 

using a rake receiver. In a coherent <^f^^^^^Z n the case of the S-95 CDMA system, the pilot 
and phase estimates of the channel needed for cohe ^ en det ^'^ ^ jn the rare caS e of no multipath dispersion 
,5 Igna, is designed to be orthogona. to the ^^S^^f^^ user. However, if there is mutt.pa* 
the Pilot signal will not cause interference at output due to a variety of multipath components 

dispersion, there will be unwanted .nterfe^ 

which are not orthogonal to the des.red 8 '^^3£ £5, otner multipath components and the other mult, P ath 
its matched filter output will have unwanted <^"*£™ *J ° h f ° t signal Resents about 20 percent of the power 
20 components of the other channels and the damaging to a desired user's bit decis.on v« the 

of the downlink signal, its ™'f^ C °^^^^ conventional rake receivers do not 

near-far effect if the total number of act ve trafl ° chan ™ s J ^ rtormance suffers, 
account for the interchannel mult,path .nterf erence, and as 

25 summary Of T he Invention 

,sc.iv.d .Bnal. Tb. pilot signal is d.tinad * (L... n.nds<»>, «» piw.i9™*°t 

„se, data cbanna. and a separata pU «"*» L """""T.'t 

data chains, i. orthogonal to tho Itotr . CDMA sign* .scaivod ova. one o. IheL 

* M demodulator to. WMDig a data channel ™? "J™ , ^ o) L subtrado, moans Each ol he 
paths and to, gan.r*g L.tc^ = ^^ 

<s onlpul.od Itom It. data and pilot. """"^ ^ ,„. pilot sisn.l one* Won can bo awKh.d on and 

naserlotlon C * The Drawings 

so 

In the drawings. 

F l 9 ,„,call— — 

invention, 

- B »,^.^«^--^'^'-*- ,, -- n, - ,,,- " ,,,G *""- 

F, 9 . 3 snows . simplitied blocK dMram o. an lllastratrv. CD» r.ceiv.r. 
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Fig. 4 shows a prior art "BAKE" finger architecture lor a coherent CDMA receiver, 

Fig. 5 shows a basic demodulator structure of the Pilots-time and Data 1 on-time complex correlators. 

Fig. 6 shows an illustrate block diagram of our inventive pilot cancellation scheme as applied to a two finger 

coherent CDMA receiver, 

Fig. 7 shows a first embodiment ( Detector A ) of a pre-demodu.ation cancelation scheme in accordance with the 
present invention, 

Figs 8 and 9 illustrate timings for Detector A of Fig. 7 which show how the channe, estimates for pilot re- 
construction are obtained with respect to the symbol timing, 

Fig. 10 shows a Detector B which uses recursive pre-cancellation without buffering, 

Fig. 11 shows the timing diagram for the Detector B of Fig. 10, 

Fig. 12 shows a Detector C which uses recursive pre-cancellation with buffering, 

Fig. 1 3 shows a simplified illustration of the panellation scheme in accordance with the present invention, 
. Fig. 1 3A shows a simplified illustration of the post-cance.lation scheme in accordance with the present invention, 
Fig. 14 shows a diagram of a Detector D which uses post^ancellation, 
Fig. 15 shows the timing diagram for the Detector D of Fig. 14, 
Fig. 16 shows a diagram of a Detector E which uses multistage post-cancellation, 

Fig 1 7 shows an illustrative block diagram of our inventive pilot cancellation scheme (according to detector B) as 
applied to a three finger coherent CDMA receiver, 

Figs. 18 -20 illustrate the need for pulse-shape Reconstruction Low Pass Filter (FtLP), 
Fig. 21 shows a FIFt-implementation of a RLP, 

Fig.22 shows an illustrative twofingercoherent CDMAreceiverinc.udingswitchable pilot interference cancellation, 
in accordance with the present invention, and 

Fig. 23 shows an illustrate three finger coherent CDMA receiver including switchable pilot interference cancel- 
lation. 
Detailed Description 

whbh can be utilized .1 once (on. cbannel is occupied by the plot signal _ m<M> 

Tile Walsh-spread baseband signal, illustratively, at rat. B, « mull.plied .n coder. it» .u y 
spreading sequence, also called snort coda o. pilot ^ 3"™^^ 0| ,„. Mla slg „ a , a broad frequency 



3 



EP 0 876 002 A2 



as a phase reference for coherent demodulation of the data channels at the recerver. One pilot channel for all users 
is sufficient since it is a synchronous CDMA link respectively. The outputs of the 

and Q signals, are then further decoded and despreaded by a C ^^J^^ a * e]ghXe l average of each 
review the operations of a prior art CDMA RAKE receiver, . hmvs rec users In our CDMA system, there will 



„ -A Co™™..**. Technic .o. NMpa.h channels- b» H. Pnc. «nd P. E. G,..„ J..; Prooo.dinos BE. vol 

46, Pages 555-570, March, 1958 

2) "introduction to Spread Spectrum Anti-multipath Technique and Their Applications to Urban Digital Radio- by 
G. L. Turin; Proceedings IEEE, Vol. 68, No. 3. Pages 328-353, March, 1980 

3) "Digital Communications" by J. G. Proakis; McGraw-Hill, 1989 

DsVbtf^ 

signal powerof the ^ 

''^tS^S^Zp^ a coherent demodulation of a certain path of the incoming multipath^istorted 

404. Th. <**> oupul ol cofnuon 4M-404 a e ft- «"»^ ^ , uncllon t0 , 405 

for the operation of the RAKE finger and also interface to the DSP bus. 
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in the following description, conventional variable names are used and are defined below: 
T Chip-Duration in seconds 

R _ J_ Chip-rate, IS-95: 1.2288Mcps 

Rb = ^i Bit-rate ( = symbol-rate), IS-95. 19.2kbps 

N Number of chips per symbol (bit), IS-95: 64 

A Pilot gain (in comparison to single user amplitude) 

Number of samples taken during one chip-interval (oversampling factor) for each I- and 

Q-channel 

a7 - /= (a (+5 ,.i)T c Delay of /-th multipath component to the main path 
component, with A, as the integer part (delay in chips), and 
8, as the fractional part (delay in ^-fractions of a chip); A 
and 5 are integer values with 5 = 0...p- 

delay to path 0 in sub-chips; one chip consists of p sub-chips (t 0 = 0 assumed) 
Number of multipath components; indices are h 0...L- 

received signal vector of n-th symbol for multipath component , (each vector element is 
a complex number), including noise from other multipath components 
pseudo-random short code of r>th symbol for multipath component / (also called short 
code, pilot code) 

symbol signature code (Walsh-code) of n-th symbol for multipath component / (user k), 
vector elements are real 

complex channel estimate obtained from rMh symbol for multipath component / (this is 
not a vector) 

set of available channel estimates for multipath component / 

function performed on the channel estimates to gain a more 
reliable channel estimate (e.g. averaging. FIR-LP-filtering); the 

latest estimate which can be used in the calculation is that of 
symbol n 

demodulator output of n-th symbol for multipath component / 



T,= pA ( + 5, 
L 

r (") 



f(c ( , y n) 
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r <.Q[/3= rg the whole composite p times oversampled complex signal at the 
sub-chip rate pR e 



the received signal vector, pR c 

Conventional Receiver 



W«h relerence to Fig. 5, we describe the basic 
complex correlators (402 and 404 °^9- ^T^^ 

and analysis. As shown, the input signal is 

is r[/]=r'[/] + r° 

(i.e., the I and Q inputs of Fig. 4). „ farMm „i n H CO molex QPSK DS/CDMA baseband signal ( after down 

The incoming signa. r[i], » u ^'^" T J^^J^ n ( ^ to one out of p samples per chip for further 
conversion ) with p samples J >8 ^ ch, P 1 < y^ n T ^ |i ^"^ th e properly aligned short^ode PN-sequence p<"> , 
processing. By multiprying the signal ^^^^^^JJ^ the resulting signal from mutter 
received from complex conjugate ^^^^^^ bra nch (accumulation over one symbol). The 
503, a channel estimate &»> is obtained from the uppe ^ u "™"™* ° 5Q ^ optiona „ y channel Estimation Algo- 
upper branch called a ■chapel estimation «7^^?lSJ^SnS coefficients for a particu.ar mu.tipath 
rithm Block (CAL) 505, and complex ^^J^^^^^^o, the current symbol may be enhanced 
may not vary much from ^J^^^^^J^.,^ and the current output from 504. 
by CAL 505 which produces a weighted average oi an w correlator' 507-508, recovers the 

BLovingthesignatu^ 

binary information which gets aligned in he s ^nal ^JJ™ . from the upper branc h. The block 510 takes 

509, with the complex conjugate *«n-e^^ J*^ output and data correlator 

SutroCt^ 

shown as a Digital Signal Processor (DSP) 620 of Fig. 6- „ t|mates £„) are taken at the symbol-rate. (It is 

Sg with the pilot channel.) It is common to take soms sort d ...ight.d sum 

estimate which can be included ,n the channel =f" m »'™™' < ". JJLa Ik. fading and VCXOotlset Ac 
The gain of ft. CAL-,,,=,«hrn I. obv.ousl, l"""^ <*° >° S=M » " 
me channel parameters should remain I »~<^"»™ oTtham.it ot L time « channel estimate o»e. one symbol 

* 8, ~;,:=i M ock,i,sho ur bsn^ 
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cancellation scheme, both tor pre- and post^emodulation cancellation structures. Our structures utilize the demodu- 
lation unit 520, which includes the elements or blocks 503-510. 

To keep the drawings simple we, illustratively, focus on a 2-path signal and thus 2 demodulator fingers. Anger 0 
and finger 1 are sufficient. The extension to multiple paths/fingers is straightforward. 

5 

Pre- Demodulation Cancellation Schemes 

In pre-demodulation cancellation schemes the pilot interference cancellation (subtraction) is performed on the 

10 Ch ' P Sh reference to Fig. 6, we present an overview of our Pilot Interference Cancellation (PIC) schemes. Illustrative* 
our receiver example of Fig. 6 receives signals over only two paths 611 and 612 and hence ^ only two 
three or more fingers of a receiver ( see Fig. 3 ). The fingers 603 and 604 operate to demodulate the different path 
signals 601 and 602.respectively, in the manner previously described. The receiver in ou r example receives a composite 
signal r<«> and does not know that it includes both the signals from path 0 and path 1 . The signal of these paths 0 and 

15 1 differ in attenuation a, phase * and path de!ay x. Since the pilot signals represent about 20 percent of he power of 
the received path signal, we have recognized that if the the pilot signal of path 1 can be eliminated from the received 
signal of path 0, and vice-versa, the receiver can make a more accurate demodulation. 

With this in mind we have modified each finger 603 and 604, to additionally include a pilot reconstruction .circuit, 
shown as 606 and 607, respectively, which recover the respective pilot signals from path 0, 611 , and path 1 612. The 

20 JeceTved signa. r<"> of path 0, r<°> is first processed by on-time selector circuit (OTS) 601 and then by modified finger 
603 The Reived signal r<"> of path 1 , rd> is first processed by on-time selector circuit (OTS) 602 and then by mod,f.ed 

ThTpilot reconstruction circuits, 606 and 607, recover pilot signals with estimated attenuation a, phase 0 and path 
delay t As shown, the recovered pilot signal from path 0 is subtracted (or cancelled ) in adder circuit 609 from the path 
2S 1 signal. In our pre-cancellation schemes, the pilot interference cancellation (subtraction) is performed on the chip- 

S ^^el^^ signal from path 1 is subtracted in adder circu* 608 from the path 0 signal. The 
resulting path 0 and path 1 signals minus the pilot signal of path 1 and path 0, respectively are then nr»re accurately 
demodulated in finger 0 and finger 1 , respectively. In the manner as previously described, the output signals from 
30 fingers 0 and 1 are further processed in a bit decision or a V.terbi decoder illustratively implemented .n DSP 605. 

A. - Pilot Cancellation with Buffer (Detector A ) 

With reference to Fig. 7, there is shown a detailed implementation of a two finger oreoncellation arrangement 
35 using a symbol buffer for obtaining latest channel estimates for pilot cancellation. In accordance with the P^ent in- 
vention, to use the channel estimate of the current symbol for reconstructing the pilot and cancel it out prior to demod- 
ulation the data has to be buffered. The processing is then done in 3 steps: 

1. For each finger /, obtain a channel estimate for the Mh multipath component from the received signal and re- 
40 construct the pilot using this estimate. 

2. For each of the L buffered received signals, use the reconstructed pilots to cancel the pilot interference caused 
by the other Z.-1 multipath signals. 

45 3. Demodulate the resulting signal. 

Fiq 7 shows a structure which works according this procedure. In the following description, ^ ^ e "P r ^' 
numbered blocks operate in the same manner as the non-primed numbered blocks. As shown, the bloc ks _5C 1 - m 
50^ and 520' operatethesameasoperateas blocks 501-505. 509^^^^ 
50 700 and 700' are separate pilot detectors which use channel estimates (obtained using 504-505 and 504 -505) that 
have been normalized (by 705 and 705'). The pulse-shaping for the pilot detectors 700 i and I 700' is taker, ^ account 
using RLP blocks 701 and 70V (Reconstruction Low-Pass Fitter), respective^ The RLPs 701 -^J° 1 a a - 
if the delays are not in multiples of the chip-duration. Note, if we did not consider the pulse-shaping the Bit Error Rate 
(BER) would increase. The implementation of an RLP is described in a later section. 

The symbol buffers 703-704 and 703'-704" enable the symbol data to be buffered while the pilot detectors 701 and 
701 ' are reconstructing the pilot signal. „.„_,. „ _n • n 

To compensate for the delay introduced by an RLP in one branch, a small RLP-delay buffer z° is needed (w. h D 
as the RLP^elay in chip-samples, D=£. N number of taps of RLP-fitter) to be added to the other branch. Thus, delays 
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symbol), the influence of an alignment-buffer 

2~\ A, = ^imfflc A,^- A, , 

and 520' ). In such an arrangement, we do not neeo mo pre» cance |, a , jon an d thus this arrangement will have 

some ch ips (t 0 = 0 assumed) . 
5 Performance - Detector A 

o ""Sl'Si..- «.«• »«' f no (,o ««~ B) *» th. —I c^e*,.. do 

is explained in the later-described post-demodulation schemes. 
B - Recurslva Structure without Buffe r fOetector B) 
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same manner as the identically numbered blocks of, P^" 8 F )J U J^ ne| estimates timing , or p ilo t reconstruction. It 

1 (small parts work with estimates of symbol n, n-2). 
Performa nce - Detector B 

The disadvantage of this structure is that the latest channe. estimate is not availab.eforcanceHation; this can resutt 
in performance degradation in a fast sjd e-effect: Now even the channel estimates used for 

C- Recursive Structure with Buffer (Detector C) 

having the latest channel estimate available in * & ™Lto<jMox™ v y ^construction benefits from a 

recursive loop (i.e., 1010 and 1010' ) so that ^^^^^^^^ 12 10) a detected pilot signal 
previous pilot cancellation. As shown the cursive loop block 1010 e "^ 8 ^J^ e n 0 ^ imilarly , the recursive 
from path 1 to be subtracted from J to'be subtracted from the signa. 

St^^^^ 

as the identically numbered blocks of previous ^ res estima tes for the pilot reconstruction, is similar 

for the pilot reconstruction. 
performance - De tector C 

p^ot-Aneumulatlon C ollation Schemes 

5 ,n these post-cancellation schemes the pilot cancellation (s^) is performed at the symbo, rate R.. The 

motivation to do post^ancellation is to get rid of muttiplicat.ons at the ch.p-rate R c . 
a . Ptret-Pemodulatlon Cancellat ion (Detector D) 

in the pre-cancellation schemes, e.g., Fig. 13, the reconstructed pilot signal 

c w p] 

45 

■ i rf n / i n oHHor ) at the chip-rate prior to demodulation. In Fig. 13Athe 

5£? « « ^ £ »22 and ,422 ,o ft. Chan™, - 

demodulators 520 and 520', respectively. 
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outputs are held) at the symbol-rate is not explicitly shown in the drawings. 
The performance of Detector D is similar to that of Detector A. 

B - Multistage Post-Cancellation (D etector E) 

The Detector D post-cancellation scheme did not cancel the pilot signal using a channel estimate which itself took 
advantage o, a previous pilot cancellation. The <^«<^Zj^^£ S V demodulators 520 

Thereafter, using the better channel estimate the the actual cancellation ,s .performed in adder circuit 1420. 
The timing diagram of Detector E is the same as that for Detector D.shown in Fig. 15. 

Performance Detector E 

The performance of Detector E will be close (slightly better) to Detector C. since all channel estimates used for 

slightly better channel estimate is not significant. 
E - Example of a 3 finger structure 

sr that uses recursive pre-cancel- 



Shown in Fig. 1 7 is an illustrative arrangement of a three finger (3 path ) -ceiver that use s recurs lve pre = - 
lation without buffer working with previous channel estimates ( i.e.. Detector B of Fig. 10 ). For the IS-95 handset 
receivera Sfinger design is p^ 

timeXes^ 

viously described for Detector B of Fig. 1 0. 
Reconstruction Low-Pass Filt er (RLP) 

Most of the time there will be multipart, components which are delayed in fractions of T c (8, * 0). Then the pulse- 
shaping has to be taken into account. 
A • Need for Reconstructing the Pulse-Shape 

componenfo is shown. For this example, it is further assumed that the sampling times are T s = / integer, no l/Q 
phase shift, and that the signal is normalized to 1 at the on-t.me samples. 
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piio t (,[i]=m*h[i)= ixuMw] <" 1 > 

with normalized Nyquist pulse shape 

/,[/] = sinc(n-> T -^-^=| 0 ^ 0 

,. _« r, ric;-Q<5- a „ = o V/isa sub-chip sample index. 

m t= ™*P* oompon.n. a Theh ,h. «vw» -nj«« £ * P « ™%Tbo" imp lL s at the on-«me sample* 
tfnce a Ny,«-pulse ***>» ™» ^ n "« ™* SlfCth., »ith th. pulse shap. matched m» « 

"^S^Ispl^haM^^ 

= fl^r^aS the,.lo,e d.pandeht oh th. tractaa. pah 6 ot the delay »p^6. F« W eh* 

a N =; 

tne other coefficients become zero. This is true tor delays that are integer munipies o« The pulse-shaped output at 
the chip-rate is 

piK Q W = N £a jy p'- Q [i-j] 

' S now with / as a chip-sample index, and p< °H\ as the short^ode sequence. 

Further Aspects to r Implementing the RLP 
so 1 . It turns out that a very smal, number No. taps (4 or even 2, is enough to get a sufficient approximation of the 

pilot pulse-shape. 

2. The muKipliers (coefficients) are simple switches since the incoming PN-sequence is only consisting 
ss 3. The pulse-shape Mil -V be stored as a locale .or *p values (symmetrica,). Thus for N= 4 taps, p = 8 

and 4 bit values the table size is 64 bits. 

4. A.so possible isaimp.ementa.ion as on 9 s/ng/e .ooRup-tab.e (then no switches or adders necessary): Take the 
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is 51 2 bit without and 1 28 bit with exploiting the symmetry. Most probably 3 ,s eas.er to implement. 

5 The processing delay at the chip-level introduced by the F.R-filter is D FIR ^ chips. Tc ' compensate ^this delay 
fhJTnnSrt Zpn short-code into the RLP should be performed Dchips ahead (in the PN-per.od) n comparison 

middle of the tapped delay line (see above Fig. 21, point X). 

6 .f there is more than one pilot signal to reconstruct per finger (e.g. reconstruct pilot 0 at two different fractal 

Additional Implementations 

in simulationsof last lading environments it turns out that pilot interference extedsa 

pCT. sv«h i. «*>«. » .a* »n 9 „ C «» p.— ««l d..igns which switch., o. W piW 

performance of our pilot ^^^^ ^ ver of Fig . 6 . with the added swrtch capabi.ity( 2 201 , 2202) 

the path 2 signals (using 2307) and pilots 0 and 2 are subtracted from path 1 signals (using 2306). 
Derivation of the Switch Mechanism 

function o'f the switch set 
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Hence our objective is to evaluate the following: 



is and the expectation is taken with respect to the random spreading codes, the interfered data bits, and the background 
thermal noise. Evaluating the right hand side of (3), we have 

- 141 = {{t^ - 41 

o 

=EM>,(G,)) 

30 

Hence the variance of the sum is the sum of the variances, and it follows that our original decision rule in (3) 
becomes 

35 

G l <- ) =arg^iIlKfl^[y, ( - ) (G, ( " , )] l = 0,-,L-l (4) 

It can be shown that the MMSE set hf is: 

dr - {/: |hrf * Var[cf-"[&- - •) ], j + /} - (5) 

Of course since the actual channel parameter <*»> is not known, we should use its estimate &»><&»> in *e d«=toion. 
so however thissubstitution would lead to a dependence of Gff on ttself. To remedy this srtuafon, ™^£gwnr 
tion that the channel variations between symbols is relatively small, and consequently, we can use Sj.^)(Gj- >) ,n 
place of to give us the cancellation set. 



(6) 
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The decision to cancel pilot / depends only on the corresponding estimated channel power 

wmmm 

ZXffl™™^***"* 9 2 rou P olcance-lation sets would be = (2 } , - (0,2), and - <0 } ; 
these sets are represented using &") = {0,2} Defining 

v(l,n, G in) )= Var^ H) (g (,,) ) 



it can be shown that: 

( 7 ) 



channel estimate 
becomes 



F(/,«-l,G ( - 1) ) = 



^K0>-2,G ( "- J) ) + 



2^1 
' 4 ' 



(8) 



Hence on each symbo. interval, the cancelation set &*> (/ = 0- M) is determined using the following steps: 
. Calculate the channel estimate variances Vltn-1 for /= 0-L-1 using (8). 

. Determine &7> (/= 0-L-1 ) using (6). 
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estimate lor path /(/= 0- is high (i.e., greater than the variance of this estimate), then the associated pilot signal 
reconstructed using this channel estimate is reliable and should be canceled from the other L - 1 rake finger inputs; 
otherwise, if the power of the channel estimate is low, then the reconstructed pilot signal is unreliable and cancellation 
using this pilot should not occur. 

While our inventive CDMA receiver has been described for use in a forward link utilizing a Walsh code pilot fre- 
quency and Walsh encoding to provide coherent operation, it should be noted that many other well known codes which 
maintain coherent operations may also be utilized in both the CDMA transmitter and CDMA receiver (typically in the 
forward link). Moreover, our coherent receivers while described for use in a coherent forward link they may also be 
used in a coherent reverse link. 



Claims 

1. A Code Division Multiple Access (CDMA) receiver for receiving and demodulating a coherent CDMA signal includ- 
is ' ing at least one user data channel and a separate pilot channel over a plurality of L ( L > or = 2 ) paths, where the 
desired data channel is orthogonal to the pilot channel for a given path, the CDMA receiver comprising 

L path demodulators, each demodulator for estimating a data channel and a pilot channel from a CDMA signal 
received over one of the L paths and for generating Z.-1 cancellation signals each to be used by a specific 
20 subtractor means, and 

L subtractor means, each subtractor means for subtracting the Z.-1 cancellation signals produced by different 
ones of the other L-1 path demodulators from the CDMA signal associated with that subtractor means. 

25 2. The CDMA receiver of claim 1 wherein the cancellation signals are reconstructed pilot signals, and where each 
of the subtractor means is located prior to its associated demodulator to subtract the reconstructed pilot signals 
from the signal inputted to its demodulator. 

3. The CDMA receiver of claim 1 wherein each of the L-1 cancellation signals is a pair of correlator-processed re- 
30 constructed pilot signals, and where each of the subtractor means is a pair of subtractors located after a pilot and 

a data accumulator of its demodulator, to subtract the pair of correlator-processed reconstructed pilot signals from 
the signal outputted from its data and pilot accumulators. 

4. The CDMA receiver of claim 2 wherein 

35 

the pilot signals for cancellation are reconstructed using a channel estimation algorithm which has the latest 
channel estimates available that are obtained by a first channel estimation performed over one symbol.and 
wherein 

40 the demodulator input is obtained by buffering the incoming chip-rate signal for one symbol. 

5. The CDMA receiver of claim 2 wherein 

the pilot signals for cancellation are reconstructed using a channel estimation algorithm whose most recent channel 
estimate is taken from the previous symbol interval demodulation and wherein these channel estimates are used 
45 for both reconstructing the pilot signals and demodulating the previous symbol interval. 

6. The CDMA receiver of claim 4 wherein 

a subtractor means prior to the first channel estimation over one symbol cancels out pilot signals reconstructed 
using a channel estimation algorithm whose most recent channel estimate is taken from the previous symbol 
so interval demodulation. 

7. The CDMA receiver of claim 3 wherein 

the pair of correlator-processed reconstructed pilot signals for cancellation are obtained using a channel estimation 
algorithm that has the most recent channel estimates available. 

55 

8. The CDMA receiver of claim 7 wherein 

a subtractor means prior to the channel estimation algorithm, whose output is used for reconstructing the pair of 
correlator-processed pilot signals, cancels out a first intermediate result of that component of the pair of correlator- 
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processed pilot signals which is used for cancellation on the pilot accumulator signals. 

9 The CDMA receivers of claims 1 including 

Reconstruction Low-Pass Filters ( RLP ) for reconstructing the pulse shape of the pilot cancellation signals with 
respect to the delay times of the other Z.-1 demodulators. 

10. The CDMA receiver of claim 9 wherein the RLP filter is implemented using a Finite Impulse Response ( FIR ) filter. 

11. The CDMA receiver of claim 10 wherein the FIR filter is implemented using a look-up table for the coefficients. 

12. The CDMA receiver of claim 9 wherein the RLP filter is implemented using a look-up table. 

13. The CDMA receivers of claims 1 including 

a switch means in each demodulator to switch on/off the generation of the L-1 cancellation signals according to 
the signal power of its designated multipath component. 

14. The CDMA receiver of claim 1 wherein the pilot channel is orthogonal to at least one user signal channel. 

15 The CDMA receiver of claim 1 wherein the pilot channel is non-orthogonal to the desired user signal channel for 
a given path and wherein each demodulator generates the L-1 cancellation signals and an additional cancellation 
signal for cancelling out the non-orthogonal pilot signal of its own multipath component prior to its demodulation, 
the cancellation of the non-orthogonal pilot signal occurs by using an additional subtraction in each of the L sub- 
traction means. 

16. The CDMA receiver of claim 1 wherein the plurality of signal channels are encoded using Walsh codes. 

17. The CDMA receiver of claim 1 wherein the at least one user uses a plurality of signal channels. 

18. The CDMA receiver of claim 1 wherein the coherent CDMA signal includes at least a Q and an I signal channel. 



19. The CDMA receiver of claim 1 being part of a user station of a CDMA system including at least one base station 
and a plurality of user stations. 

20. The CDMA receiver of claim 1 being part of a base station of a CDMA system including at least one base station 
and a plurality of user stations. 

21. The CDMA receiver of claim 1 including 

means for channel weighting the output of the subtractor means and 
means for combining the weighted outputs. 

22. A method of operating a Code Division Multiple Access (CDMA) receiver for receiving and demodulating a coherent 
CDMA signal including at least one user data channel and a separate pilot channel over a plurality of L ( L > or - 
2 ) paths, where the desired data channel is orthogonal to the pilot channel for a given path, the method comprising 
the steps' of: 

at each of L path demodulators, estimating a data channel and a pilot channel from a CDMA signal received 
over one of the L paths and generating Z.-1 cancellation signals each to be used by a specific subtractor means, 



and 



at each of L subtractor means, subtracting the L-1 cancellation signals produced by different ones of the other 
L-1 path demodulators from the CDMA signal associated with that subtractor. 

55 23. The CDMA receiver of claim 1 further comprising 

switch means for controlling the subtraction of one or more of the cancellation signals, tne suDuacnon or eacn 
of the L-1 cancellation signals being controlled as a function of a determined threshold level based on a pilot signal 
received in the associated data channel signal and variances thereof. 
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24. The CDMA receiver of claim 23 wherein the set of cancellation signals to be generated and subtracted is given by 
Eq (6). 
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FIG. 6 
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